Background {#Sec1}
==========

Myocardial infarction (MI) is defined as myocardial cell death due to prolonged ischemia \[[@CR1]\]. Worldwide, about 15.9 million MI occurred in 2015. An MI was one of the top five most expensive conditions during inpatient hospitalizations in the US, with a cost of about \$11.5 billion for 612,000 hospital stays as estimated in 2011 \[[@CR2]\]. The main treatment strategy of MI is myocardial revascularization by the percutaneous coronary intervention (PCI) combined with management of cardiovascular risk factors \[[@CR3]\]. Biomarkers are measurable and quantifiable biological parameters which serve as indices for health and physiology assessments. Diagnosis of MI is generally made by combining observation changes in a surface electrocardiogram (ECG) and blood levels of sensitive and specific biomarkers. Overall, the preferred biomarker for each specific category of MI is cTn (I or T) due to its high myocardial tissue specificity as well as high clinical sensitivity \[[@CR1]\]. If a cTn assay is not available, the best alternative is MB (muscle/brain) fraction of creatine kinase (CKMB). Elevation of cTn or CKMB in the blood reflects injury leading to necrosis of myocardial cells \[[@CR1]\]. In addition, myoglobin, N-terminal proBrain natriuretic peptide, and lactate dehydrogenase have also been considered as clinical diagnosis biomarkers of MI \[[@CR4]\]. However, how these biomarkers function myocardial cells injury and necrosis are unclear.

In this study, we identified the conserved genes to investigate the molecular mechanism underlying MI development. Incident MI is defined as the first MI for patients, and it is considered to be a recurrent MI if characteristics of MI occur after 28 days following an incident MI \[[@CR1], [@CR5]\]. Differences between first and recurrent events on gene expression profiling are poorly described. Thus, we studied potential differences in the gene expression between patients with an incident and recurrent MI. In addition, little is known of the risk factors of recurrent MI at the transcriptome level. To address this issue, we further detected the potential biomarkers associated with recurrent MI occurrence.

Methods {#Sec2}
=======

Datasets {#Sec3}
--------

We searched the keywords "myocardial infarction", "peripheral blood", "GPL570" in the GEO datasets, and obtained 3 GEO datasets-GSE97320, GSE66360 and GSE48060.

GSE97320 and GSE66360 included gene expression profiles of peripheral blood from patients with MI and normal controls. GSE48060 contained gene expression profiling of patients with incident MI and that with recurrent events as well as normal controls. The platform used in these three datasets is GPL570 HG-U133_Plus_2 Affymetrix Human Genome U133 Plus 2.0 Array.

Differentially expressed gene (DEGs) screen {#Sec4}
-------------------------------------------

Gene expression data were first downloaded from each dataset, and the expression levels of genes in each sample were extracted from Series Matrix File(s). And then, R was used to pre-process the downloaded raw data via background correction and quantile normalization. Using Perl \[[@CR6]\] probes were transformed into genes. Subsequently, "impute" package \[[@CR7]\] was applied to complement the missing expression with its adjacent value.

To screen DEGs between the MI group and the control group, Limma \[[@CR8]\] package in R was used. DEGs were screened with \|log2(fold change)\| \> 0.45 and *P* \< 0.05.

Functional enrichment analysis {#Sec5}
------------------------------

To obtain the biological function and signaling pathways of conserved genes, GOstats and clusterProfiler \[[@CR9]\] packages were used to detect gene ontology categories and KEGG pathways. The threshold of GO function and KEGG pathway of DEGs was all set as *P* \< 0.05.

Protein--protein interaction (PPI) network analysis {#Sec6}
---------------------------------------------------

To gain insights into the interaction between proteins encoded by DEGs, the database of HPRD \[[@CR10]\], BIOGRID \[[@CR11]\], and PIP \[[@CR12]\] were used to retrieve the predicted interactions of the conserved genes. Then, the PPI network was visualized by the Cytoscape 3.2.1 \[[@CR13]\]. A node in the PPI network denotes protein, and the edge denotes the interactions. Cytocluster was further performed to identify the sub-modules.

Statistical analysis {#Sec7}
--------------------

Data were expressed as mean ± SD. A value of *P* \< 0.05 was considered significant.

Results {#Sec8}
=======

Identification of conserved genes in MI {#Sec9}
---------------------------------------
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Functional enrichment analysis and biological network analysis of the conserved genes {#Sec10}
-------------------------------------------------------------------------------------

To study the biological function of the 477 conserved genes identified, GO enrichment and KEGG pathway analysis were performed. The GO enrichment analysis revealed 211 GO biological processes (Table [2](#Tab2){ref-type="table"}). Response to lipopolysaccharide, response to molecule of bacterial origin and immune system process were the most significantly enriched biological processes. In addition, 23 KEGG pathways were identified through analyzing the conserved genes, among which osteoclast differentiation was considered as the most remarkably enriched pathway (Table [2](#Tab2){ref-type="table"}).Table 2The top 50 significant GO biological processes and all KEGG pathways enriched by the conserved genes*P* valueTerm*GOBPID*GO:0032496\< 0.0001Response to lipopolysaccharideGO:0002237\< 0.0001Response to molecule of bacterial originGO:0002376\< 0.0001Immune system processGO:0006954\< 0.0001Inflammatory responseGO:0006950\< 0.0001Response to stressGO:0009617\< 0.0001Response to bacteriumGO:0033993\< 0.0001Response to lipidGO:0043207\< 0.0001Response to external biotic stimulusGO:0051707\< 0.0001Response to other organismGO:0006952\< 0.0001Defense responseGO:0006955\< 0.0001Immune responseGO:0009607\< 0.0001Response to biotic stimulusGO:0009605\< 0.0001Response to external stimulusGO:1901700\< 0.0001Response to oxygen-containing compoundGO:0002526\< 0.0001Acute inflammatory responseGO:0050900\< 0.0001Leukocyte migrationGO:0002682\< 0.0001Regulation of immune system processGO:0008219\< 0.0001Cell deathGO:0016265\< 0.0001DeathGO:0030595\< 0.0001Leukocyte chemotaxisGO:0072606\< 0.0001Interleukin-8 secretionGO:0001775\< 0.0001Cell activationGO:0034097\< 0.0001Response to cytokineGO:0071222\< 0.0001Cellular response to lipopolysaccharideGO:0019322\< 0.0001Pentose biosynthetic processGO:0012501\< 0.0001Programmed cell deathGO:0050776\< 0.0001Regulation of immune responseGO:0071219\< 0.0001Cellular response to molecule of bacterial originGO:0006915\< 0.0001Apoptotic processGO:00305930.000127Neutrophil chemotaxisGO:00517040.000142Multi-organism processGO:00025230.000149Leukocyte migration involved in inflammatory responseGO:00022530.000163Activation of immune responseGO:19902660.000178Neutrophil migrationGO:00025210.000181Leukocyte differentiationGO:00975300.000208Granulocyte migrationGO:20012420.00022Regulation of intrinsic apoptotic signaling pathwayGO:00453210.000232Leukocyte activationGO:00603260.000258Cell chemotaxisGO:00090480.000275Dosage compensation by inactivation of X chromosomeGO:00342010.000275Response to oleic acidGO:00712160.000302Cellular response to biotic stimulusGO:00100330.000317Response to organic substanceGO:20012430.000351Negative regulation of intrinsic apoptotic signaling pathwayGO:00326370.000409Interleukin-8 productionGO:00067960.000414Phosphate-containing compound metabolic processGO:00193620.000457Pyridine nucleotide metabolic processGO:00464960.000457Nicotinamide nucleotide metabolic processGO:00335540.000588Cellular response to stressGO:00704880.000596Neutrophil aggregation*KEGG-ID*4380\< 0.0001Osteoclast differentiation5150\< 0.0001*Staphylococcus aureus* infection5140\< 0.0001Leishmaniasis46100.000291Complement and coagulation cascades41450.000318Phagosome46400.001751Hematopoietic cell lineage53400.00454Primary immunodeficiency51440.005142Malaria51450.008804Toxoplasmosis46700.010961Leukocyte transendothelial migration51200.020107Epithelial cell signaling in Helicobacter pylori infection41300.026082SNARE interactions in vesicular transport9100.034802Nitrogen metabolism51310.043143Shigellosis49620.049527Vasopressin-regulated water reabsorption51460.050413Amoebiasis300.052454Pentose phosphate pathway46500.066291Natural killer cell mediated cytotoxicity40600.076786Cytokine--cytokine receptor interaction46660.076955Fc gamma R-mediated phagocytosis34100.0854Base excision repair50140.086122Amyotrophic lateral sclerosis (ALS)43700.092374VEGF signaling pathway

To investigate the interaction between the proteins encoded by the conserved genes, protein--protein interaction (PPI) network was employed (Fig. [3](#Fig3){ref-type="fig"}). Then, further analysis of critical modules by Cytocluster was carried out. 16 key genes such as *MAPK14*, *STAT3*, and *MAPKAPK2*, were found according to the frequency of genes in critical modules their regulation, which was as follow. GenesGSE97320 (LogFC)GSE66360 (LogFC)MAPK141.3499246960.536455945STAT31.7808551381.024539916MAPKAPK20.7658655040.778311524 Fig. 3PPI biological network of the conserved genes

Validation of the conserved genes using dataset GSE48060 {#Sec11}
--------------------------------------------------------

GSE48060 dataset included gene expression profiles of the incident and recurrent MI. Comparison between incident MI and normal control (Comparison 1) revealed 89 DEGs, whereas comparison between recurrent MI and normal control (Comparison 2) showed 392 DEGs (Additional file [1](#MOESM1){ref-type="media"}: Table S1 and Table [2](#Tab2){ref-type="table"}). To validate the conserved genes, we overlapped the DEGs of the incident and recurrent MI in GSE48060 and the 477 conserved genes gotten in Comparison 1 and Comparison 2. A total of 29 conserved genes was identified in the overlapping analysis.

Identification of the potential genes related to recurrent MI {#Sec12}
-------------------------------------------------------------
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The present study not only identifies conserved genes and dysregulated pathways in MI but also reveals several hub genes, such as *MAPK14*, *STAT3*, and *MAPKAPK2*. Gene expression alterations of the incident and recurrent MI reveals significant differences. *RNASE2* and *A2M*-*AS1* were identified as potential genes associated with MI recurrence. Those genes could serve as potential biomarkers for MI occurrence or recurrence prediction and diagnosis.

MAPK14, also known as p38α, is one of the four p38 MAPKs, including α, β, δ, and ε isoforms and is the most abundant isoform in human cardiac tissue \[[@CR14], [@CR15]\]. P38 MAPK was first reported to be activated by ischemia/reperfusion (I/R) injury \[[@CR16]\]. During myocardial ischemia, MAPK14 is found to contribute to infarction, and short-term intraischemic inhibition of this MAPK14 in the intact heart reduces infarction \[[@CR17]\]. However, the effect of p38 MAPK on MI is controversial. Mitra et al. has demonstrated that p38 MAPK actually decreases ischemic load during MI, and plays a dual role in pro-survival as well as cardioprotective during ischemia in the absence of reperfusion \[[@CR18]\]. The presented study showed MAPK14 upregulation in MI compared with normal tissue. MAPKAPK2 (MAPK-activated protein kinase 2) gene encodes a member of the Ser/Thr protein kinase family. This kinase is regulated through direct phosphorylation by p38 MAP kinase \[[@CR19]\]. Inhibition of p38 MAPK leads to a significant decrease in the phosphorylation status of MAPKAPK2 \[[@CR18]\]. In conjunction with p38 MAP kinase, MAPKAPK2 is known to be involved in many cellular processes including stress and inflammatory responses, nuclear export, gene expression regulation and cell proliferation \[[@CR19]\]. Heat shock protein HSP27 was shown to be one of the substrates of MAPKAPK2and MAPKAPK2 phosphorylates Akt in neutrophils \[[@CR20]\]. The isolated perfused rat heart reveals that global ischemia activates *MAPKAPK2*, and this activation is maintained during reperfusion \[[@CR16]\]. *MAPKAPK2* has been regarded as a biomarker in MI early stage and recovery \[[@CR4]\]. STAT3 (Signal transducer and activator of transcription 3) is required for myocardial capillary growth, control of interstitial matrix deposition, and heart protection from ischemic injury \[[@CR21]\]. *STAT3* deficiency causes enhanced susceptibility to myocardial ischemia/reperfusion injury and infarction with increased cardiac apoptosis, increased infarct sizes, and reduced cardiac function and survival \[[@CR21]\]. In addition, knockout of *STAT3* in mice treated with lipopolysaccharide leads to more cardiac THF production, and fibrosis \[[@CR22]\]. Therefore, *MAPK14*, *STAT3*, and *MAPKAPK2* might be regarded as biomarkers in MI, and the other hub genes are also deserved to be further studies.

Compared to incident cases of MI, recurrent cases of MI experienced more often heart failure, impaired left ventricular ejection fraction, and multivessel disease \[[@CR23]\]. In this study, the gene expression profiling between first and recurrent MI showed significant differences, evidenced by that 93% of the whole DEGs in recurrent MI were its specific genes. *RNASE2* and *A2M*-*AS1* were regarded as potential genes associated with MI recurrence. RNASE2 gene encodes an enzyme in humans called eosinophil-derived neurotoxin (EDN) \[[@CR24], [@CR25]\]. EDN is one of the four major secretory proteins found in the specific granules of the human eosinophilic leukocyte and has been detected in eosinophils, specifically monocytes, and dendritic cells as well as in basophils and neutrophils \[[@CR26]\]. EDN was first identified as a neurotoxin, and recent studies suggest that EDN plays a role in antiviral host defense, as a chemoattractant for human dendritic cells, and most recently, as an endogenous ligand for toll-like receptor (TLR) 2 \[[@CR27]\]. TLR2 is reported to regulate myocardial ischemia, and sTLR2 may involve in the innate immune response in the pathogenesis of heart failure after acute MI \[[@CR28]\]. Thus, we hypothesize that EDN/RNASE2 is likely to be associated with recurrent MI via its direct interactions with TLR2 and dendritic cells. Though little knowledge is available on A2M antisense RNA 1 (A2M-AS1), the relationship between A2M and MI has been reported. The cardiac isoform of A2M (cardiac A2M) is considered as an early marker in cardiac hypertrophy and left ventricular mass in humans. And the further study reveals that cardiac A2M is a valuable marker for the diagnosis of MI diabetic patients and differentiating them from diabetic patients without MI \[[@CR29]\]. Thus, the role of *A2M*-*AS1* in recurrent MI need to be further investigated in the future study.

Conclusions {#Sec14}
===========

Lacking animal models and cell culture experiment validation are limitations to our study. As an alternative way of validation, here we used GSE48060 dataset to validate the conserved genes. However, further functional experiments are needed to investigate the role of these candidate genes in myocardial infarction though we have reviewed their related functions reported in the previous publication. Meanwhile, the single-nucleotide polymorphism of these candidates may be associated with the risk of heart disease, also deserving for the future investigation. In addition, though myocardial tissues well reflect the characteristics of the injury areas, the blood samples may facilitate clinical diagnosis and treatment via the target genes in the future.
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**Additional file 1: Table S1.** The top 50 significant GO biological processes and all KEGG pathways enriched by the specific genes in incident MI. **Additional file 2: Table S2.** The top 50 significant GO biological processes and all KEGG pathways enriched by the specific genes in recurrent MI.
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